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The hnporlance of heart size . The intimate physiologic
relation between structure and function makes assessment of
cardiac size an important component of the evaluation of
patients with known or suspected cardiovascular disease .
Echocardiography is the most commonly used diagnostic
tool in this regard because it can provide comprehensive
measurements of chamber and wall dimensions, left ventric-
ular mass and indexes of diastolic and sy3tolic performance
at relatively low cost with wide availability and in truly
noninvasive fashion . Quantitative echocardiography quickly
replaced electrocardiography for assessment of heart size
because electrocardiography provides only a very rough
guide to chamber size and ventricular wall thickness .
Echocardiographically determined left ventricular hypertro-
phy is now recognized as the most powerful predictor, other
than age, of cardiovascular morbidity and mortality in both
men and women (1,2). Echocardiographically measured left
ventricular mass has also proved more successful than
conventional classification systems, including blood pres-
sure level, in predicting future complications in hypertensive
patients (3) .
These observations suggest that echocardiographically
determined left ventricular hypertrophy may be considered a
"preclinical disease" that is more closely related to morbid
and fatal events than are conventional risk factors, such as
hypertension, hyperlipidemia or cigarette smoking (4). The
implications for clinical research are obvious . First, echocar-
diographic left ventricular mass may be used to group study
patients into strata of disease severity (3) . Second, because
the incidence of "hard end points" is severalfold greater in
patients with than in those without left ventricular hypertro-
phy, enrollment of the former in clinical intervention trials
will allow a smaller sample size to demonstrate a significant
reduction in hard end points (4) . These advantages notwith-
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standing, the clinical use of echocardiographic left ven-
tricular mass measurements in the serial evaluation and
management of individual patients has been limited by
importari methodologic problems. These problems have
been more effectively addressed by the advance from "one-
dimensional," unguided M-mode to sector-guided M-mode
and then two-dimensional echocardiography. The study uti-
lizing three-dimensional echocardiography by Gopal et al .
(5) in this issue of the Journal represents another step toward
more accurate and reproducible echocardiographic assess-
ment of heart size .
Historical perspective. Using one-dimensional, unguided
M-mode echocardiography, Devereux and Reichek (6) were
the first to show that estimates of left ventricular mass
correlated closely with weight at autopsy . Their seminal
work assumed that the left ventricle was a prolate ellipsoid
with a chamber length equal to twice the diameter measured
at the mid-papillary muscle level . Septa) and posterior wall
thicknesses measured at the same level were averaged to
estimate the thickness ofthe entire left ventricle . Ventricular
chambers that deviated from this assumed geometry posed
an obvious limitation to the accuracy of these left ventricular
mass estimates . The addition of two-dimensional sector
guidance for M-mode measurements aided cursor placement
and reproducibility but did not eliminate errors due to cham-
ber distortion (7). Confirming theoretic considerations (8), a
clinical study of terminally ill patients showed that two-
dimensional echocardiographic area-length methods im-
proved the accuracy of left ventricular mass estimates
compared with the M-mode method (9). The ability of
two-dimensional echocardiography to measure left ventric-
ular chamber length directly and to estimate average wall
thickness from short-axis myocardial area measurements
improved its accuracy, especially in ventricles with distorted
geometry . In their postmortem validation studies, Reichek et
al . (9) noted a standard error of the estimate of 31 g and a cor-
relation coefficient of 0.93 compared with "one-dimensional"
sector-guided M-mode values of 59 g and 0.86.
Further refinement in two-dimensional echocardiographic
assessment of left ventricular mass by Schiller et al . (10) and
Byrd et al . (11) used a truncated ellipsoid model that more
accurately describes left ventricular geometry . We subse-
quently showed superior serial reproducibility of mass mea-
surements using two-dimensional echocardiography, as the
mean difference among three serial studies in each normal
subject was 4 .2 ± 3% versus 14 .9 ± 10% for M-modc
estimates (12) . The interobserver variability for these two-
dimensional echocardiographic mass measurements was
comparable to that reported by Gopal et al . (5)_ However,
the test-retest variability is always higher in patients than in
normal subjects (13,14) and also in laboratories not dedi-
cated to quantitative mass measurements. This major prob-
lem has precluded useful serial comparisons in individual
patients .
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The present study. The three-dimensional echocardio-
graphic method described by Gopal et al. (5) provides two
specific technologic improvements in the assessment of
heart size. First, a novel "line of intersection display" is
generated from an initial parasternal long-axis reference
image of the left ventricle. This display provides real-time
guidance during subsequent image acquisition to optimize
orientation of the short-axis images . This is made possible by
an external reference acoustic locator coupled to a personal
computer that permits rapid and repeated on-line display of
the three-dimensional spatial coordinates during image ac-
quisition. King et al. (15) have recently used this "line of
intersection display" to show a threefold improvement over
conventional two-dimensional echocardiography in opti-
mally positioning standard parasternal and apical images of
the left ventricle. This guidance for image acquisition is
likely to improve reproducibility during serial examinations
significantly, reducing test-retest variability and errors in left
ventricular mass measurements . Second, the three-
dimensional method is independent of the geometric as-
sumptions necessary for M-mode and two-dimensional mea-
surements. The acoustic locator coupled to the conventional
two-dimensional echocardiographic scanner allows determi-
nation of the three-dimensional spatial coordinates of each
acquired image. Off-line analysis of the stored images and
their spatial coordinates provides estimates of left ventricu-
lar mass that are comparable in accuracy to measurements
made by magnetic resonance imaging . Theoretically, ventri-
cles with distorted chamber geometry should be as reliably
assessed by this three-dimensional technique as symmetri-
cally contracting ventricles. This advance should signih-
eantly broaden the spectrum of patients
1n whom left ven~
tricular mass measurements can be reliably assessed .
Another application of three-dimensional echocardiogra-
phy will no doubt be the assessment of right ventricular size
and function. The difficult geometry of the right ventricle has
resisted all attempts at exact measurement by M-mode and
two-dimensional echocardiography . Such measurements are
often critical in managing patients with complex congenital
heart disease, such as single ventricle, tricuspid or pulmo-
nary atresia. One preliminary report suggests that this tech-
nology may prove a real breakthrough in this regard (16) .
Limitations of the present study. Potential problems in
clinical application of the method described by Gopal et al .
(5) primarily involve limitations of the acoustic transducer
locator. First, the sound emitters and overhead microphone
array are relatively bulky, and the line of sight between them
cannot be interrupted by monitoring cables, intravenous
lines or the sonographer. The device also limits the pirta-
bility of the echograph to a temperature-controlled environ-
ment, and it cannot be used near explosive gases (such as in
the operating room) . Second, the inability of this device to
assimilate data from two or more orthogonal imaging planes
presents another limitation . Ideally, a system unconstrained
by geometric assumptions should permit imaging of the heart
from all available acoustic windows to obtain the best
endocardial and epicardial definition for three-dimensional
integration of images. This constraint will become important
when the method is applied in a patient population with
increased prevalence of distorted ventricular shape or pul-
monary disease. A different three-dimensional spatial loca-
tor without some of the aforementioned limitations appears
to show some promise in accurate measurement of left
ventricular cavity volume, but it has not been applied to the
measurement of ventricular mass (i7) .
Finally, a major limitation of the present study, as with
most available cardiac imaging modalities, remains the labo-
rious task of manually identifying and tracing cardiac regions
of interest . Advances in automated border detection (18,19)
should help reduce the off-line analysis time as well the
perceived difficulty of these technologies, which remain a
major hindrance to their widespread clinical application .
Conclusions. Despite these limitations, Gopal et al . have
provided further evidence that three-dimensional echocar-
diographic assessment of left ventricular mass is feasible,
accurate and reproducible. This approach may also prove
fruitful in the still challenging task of evaluating right ven-
tricular structure and function. Further improvements in the
acoustic locator design and prospective validation in patients
will hasten clinical application of this exciting technology .
References
1 . Levy D . Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic
implications of cehocardiographically determined left ventricular mass in
the Framingham
Heart Study . N Engi J Med 1990;322:1561-6.
~ . Koren MJ . Devereux RB, Casak PN. Savage DD, Laragh JH. Relation of
left ventricular mass and geometry to morbidity and mortality in uncom-
plicated essential hypertension. Ann Intern Mod 1991 ;114:345`52 .
3 . Mensab GA . Pappas
TIN . Koren MJ, thin RJ . LaraghJH, Devereux RB.
Comparison of classification of the seventy of hypertension by blood
rressure level and by World Health Organization criteria in the prediction
of concurrent cardiac abnormalities and subsequent complications in
essential hyrertension . J Hypertens 1443 ;11 :1429-40 .
4
. Devereux RIB . Alderman MH . Role of preclinica! cardiovascular disease
in the evolution from risk factor exposure to development of morbid
events, Circulation 1993 ; :1444-55 .
5
. Gupal AS, Keller AM, Shen Z, ei al . Three-dimensional echocardiogra-
phy : in vitro and in vivo validation of left ventricular mass and compar-
ison with conventional echocardiographic methods . J Am Coll Cardiol
1994 ;24,544-13 .
6. Devereux RB, Reichek N . Echocardiographie determination of left ven-
tricular mass in man. Anatomic validation of the method . Circulation
1977 ;55 ;613-8 .
7 . Shub C . Klein AL, Zachariah PK, Bailey KR, TAjik AJ . Determination of
left ventricular mass by echocardiography in a normal population : effect
of age and sex in addition to body size . Mayo Clin Proc 1994;69 :205-11 .
8 . Wyatt HL, Heng MK, Moerbaum S . Cross-sectional echocardiography .
I . Analysis of mathematic models for quantifying mass of the left ventricle
in dogs . Circulation I979 :60:1104-13.
9 . Reichek N . Helak 1, Plappert T, St. John Sutton M, Weber KT. anatomic
validation of left ventricular mass estimates from clinical two-di
•.
nensional
echocardiography: initial results . Circulation 1983 :67:348-52 .
10 . Schiller NB, Skloldebrand CG . Schiller EJ
. Canine left ventricular mass
estimation by two-dimensional echocardiography
. Circulation 1983 ;68 :
210-6 .
11 . Byrd BF III, Wahr D, Wang YS, Bouchard A, 5chiller NB . Left ven-
tricular mass and vclume/mass ratio determined by two-dimensional
echocardiography in normal adults . J Am Coll Cardiol 1985;6 :1021-5 .
12 . Collins HW . Kronenberg MW, Byrd BF 111 . Reproducibility of left
MENSAH AND BYRD
EDITORIAL COMMENT
515
516
MEN5AH AND BYRD
EDITORIAL COMMENT
ventricular mass measurements by two-dimensional and M-mode echo-
cardiography . ! Am Coll Cardiol 1989 ;14:672-L .
13 . Kuecherer HF, Kee LL, Modin G, Cheitlin MD, Schiller N8
. Echocar-
diography in serial evaluation or left ventricular systolic and diastolic
function : importance of image acquisition, quantitation, and pdysiologic
variability in clinical and invesligational appiications . J Am Soc Echocar-
diogr 1991 ;4:203-14 .
14 . Gottdiener IS, Livengood SJ, Moyer PS . Should echocardiography be
performed in individual patients to assess LVH regression? Tcst-rctest
reliability of echocardiography for assessmen! of LV mass
[abstract] .
I Am Coll Cardiol 1993 ;21 :300A .
15 . King DL, Harrison MR, King DL Jr, Gopal AS, Kwan OL, Dchlaria AN .
Ultrasound beam orientation during standard two-dimensional imaging :
assessment by three-dimensional echocardiography
. J Ain Soc Echocar-
diogr 1992 ;5:569-76 .
JACC Vol . 24, No . 2
August 1994 :514-6
16. Freire M. Marx G. Cao Q. et al . Quantitative and qualitative three-
dimensional echocardiographic evaluation of ventricular size, shape and
function in patients with singular ventricular morphology : In vitro vali-
dation and clinical application [abstract]
. I Am Call Cardiol 1994 ;23:109A .
17 . Jiang L, Siu SC, Handschumaker MD, et al . Three-dimensional echocar-
diography: In vivo validation for right ventricular volume and function
.
Circulation 199419134250 .
18 . Perez JE, Klein SC, Prater DM . et 21 . Automated, on-line quantification
of left ventricular dimensions and function by echocardiography with
backscatter imaging and lateral gain compensation . Am J Cardiol 1992;
70 :1200-S.
19. Garesan J . Morita S . Mandarino
W
A. et al . Two-dimensional echocar-
diographic automated border detection accurately reflects changes in lell
ventricular volume . J Am Soc Echocardiogr 1993 :6 :482-9 .
